INTRODUCTION
This report consists mainly of listings of the FORTRAN subroutines MEDFLT, an odd-length running median filter, and DESPIK, a general despiker and interpolator. The use and behavior of these time-domain digital filters are explained in Evans (1981) ; a brief description follows here. Punched card copies of the routines are available from the author at 345 Middlefield Road, MS-77 Menlo Park, CA 94025. Running Median Filters:
Running Median Filters (RMF's) are non-linear and cannot yet be described analytically. Their behavior is, however, predictable with the following main characteristics:
1. The "transfer behavior" for gaussian white noise is similar to that of running means (ie. convolution with a boxcar; Figure 1 ). Side-lobes and zeros are at the same frequencies, but RMF's have slightly higher side-lobes. 2. RMF's produce more "numerical noise" than their linear counterparts. Since a median is exactly equal to one of the numbers given it, there is no "smearing out" of small errors in those numbers. 3. RMF's are useful because they effectively destroy spikes (brief but large excursions of the data; Figure 2 ). An RMF with a window length of rn points will destroy any spike of (m-1)/2 or fewer points. Linear filters change one-sided spikes into broad~bumps ruining otherwise good data near the spike. 4. RMF's pass locally monotonic functions unchanged. An RMF with a window width of rn points will not affect any signal which is monotonic on every in length segment. In particular, a square wave with no peak or trough narrower than (m+1)/2 will be unaffected. One of the best direct applications of odd-length RMF's is filtering noisy square-wave time codes (Figure 3 ). Spikes are removed but the basic signal is only rarely affected, and then only v/here it is ambiguous.
The briefest segment of the square-wave code (200 ms for WWVB radio time code) determines the longest RMF window that can be used without damaging the underlying signal:
"max = 2(N/S -3/2) v/here mjpax is odd, N=duration of shortest square-wave segment, and S=sampTing interval of digitizer. For N=200 ms and S=5 ms (200 samples per second), rnrnax =77. Normally a much shorter window is used to save computation time. Despiker:
It the numerical noise of an RMF is troublesome or if minimal impact on the time series is desired, the general despiker DESPIK can be used. It affects the trace only where spikes are found and is the better routine to apply to seismograms.
DESPIK can be fooled by data oscillating rapidly between good and bad values. If you tell DESPIK to detect one-point-long spikes and gives it a series such as "++++++/+/+/+/+//////" (+=good point, /=bad point) then"/+/+/+/+" will all be called bad and "//////" will be called good as long as all the latter points are all about the same value. If the value 99999, for example, identifies known bad points, this extra information can be given to DESPIK by using the statement beginning with "C:" in the source code. Otherwise you may find the routine interpolating from a section of good data, across a section of oscillating data, to a section of 99999's and producing ugly results.
MEDFLT
The running median filter algorithm implemented by this routine is Ken Anderson's*, takes 0(m) operations and is the fastest I know of. The most direct algorithm fully sorts values in the window each time it produces a new output point; it requires 0(m2) operations.
CALL MEDFLT (ARRAY,LN,M) -ARRAY(LN) is the integer or real data (see comments). Both an input and an output. -M is the (odd) window length (3.LE.M.LE.101 ; the upper limit can be changed either direction easily).
*Now at Lincoln Labs.
GOTO 8 4 WRITE (6,5) M 5 FORMAT (" WINDOW LENGTH TOO GREAT. M=",I5) GOTO 8 6 WRITE (6,7) M 7 FORMAT (" WINDOW MUST BE ODD LENGTH. M=",I5) 8 WRITE (6,9) SORT ( GOTO 1060  1020 LINE=97  GOTO 1060  1030 LINE=100  GOTO 1060  1040 LINE=105 GOTO 1060 1050 LINE=120 1060 WRITE (6,1070) LINE 1070 FORMAT (//," ---UNUSUAL ERROR RETURN---",/," FROM LINE", *I3," OF MEDFLT",/," --CONTACT J.R.EVANS--",//) STOP END
DESPIK
This routine employs MEDFLT to identify spikes in the data, by comparing abs(trace-RMF(trace)) to a threshold, and does linear or piecewise continuous cubic polynomial (PCCP) interpolations across identified spikes (Wiggins, 1976) . It can be used to identify spikes and/or interpolate across them (Figure 4 of the data that are to be called "spikes". In the call to MEDFLT the window length M is 2*MAXDUR+1. MINSIZ is the minimum height or depth of excursions relative to their immediate surroundings that are to be called "spikes". MAXDUR and MINSIZ define "spike"-choose them thoughtfully. INTERP=0 to identify but not touch spikes.
=1 or 2 to identify and do a linear or piecewise continuous cubic polynomial interpolation across spikes, respectively. =-1 or -2 to do only the interpolation (segments to be interpolated are identified to the routine by making the same points in SPKFLG false). transfer function of a running mean (m=5) for a 1024-point gaussian white noise sample. Each decade of "Power" is 10dB. These are ensemble averages of 15 estimates. Since the test data have no associated sample rate (they are just a series of points without reference to time), there are no units attached to frequency. Frequency 512 is nyquist; tick marks between nyquist and zero frequency are at 2(3% intervals. Phase is in radians. 
----------------------------------------------------.
C---FIND WINDOW LENGTH FOR RUNNING MEDIAN FILTER-------------------• M=2*MAXDUR+1 C---DO RUNNING MEDIAN FILTER---------------------------------• Q ..... ""'CALL MEDFLT (IWORK,NPTS,M) c--FIND SPIKES-----------------------------• c-------------------------------------.
CONTINUE C---INTERPOLATE ACROSS SPIKES AS REQUESTED-------------------------22 IF (INTERP.EQ.0) RETURN IF (IABS(INTERP).EQ.2) GOTO 200 IF (IABS(INTERP).GT.2) GOTO 100 C---LINEAR INTERPOLATION-------------------------------------
"39'lDATA(J)=IFIX(DD+0.5) 40 CONTINUE GOTO 30 C ----------------------------------------------------- C ---USER SUPPLIED INTERPOLATION -------------------------------- C USERC ---PIECEWISE CONTINUOUS CUBIC POLYNOMIAL INTERPOLATION --------------- C ----------------------------------------------------- C BASEDC ---EXIT ------------------------------------------------ 215
TIME (seconds)
Figure 4
